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(54) Surface plasmon resonance sensor with wavelength-stabilized laser light source 

(57) A surface plasmon sensor is formed by a die- 
lectric block, a metal film which is formed on one face of 
the dielectric block arKi is brought into contact with a 
sample, a light source emitting a light beam, an optical 
system which causes the light beam to enter the dielec- 
tric block so that the light beam is reflected in total 
reflection at the interface of the dielectric block and the 
metal film and various angles of incidence of the light 
beam to the interface of the dielectric block and the 
metal film Including an angle of incidence at which sur- 
face plasmon is generated can be obtained, and a pho- 
todetector which is able to detect the intensity of the 
light beam reflected in total reflection from the interface 
for the various angles of incidence. A laser provided 
with an oscillation wavelength stabilizing system for sta- 
bilizing the wavelength at which the laser oscillates is 
used as the light source. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a surface plasmon 
sensor for quantitatively analyzing a material in a sam- 
ple utilizing generation of surface plasmon, and more 
particularly to a surface plasmon sensor in which the 
light source is improved to Improve accuracy in analysis. 

Description of the Related Art 

[0002] In metal, free electrons vibrate in a group to 
generate compression waves called plasma waves. The 
compression waves generated in a metal surface are 
quantized into surface plasmon. 
[0003] There have been proposed various surfeice 
plasmon sensors for quantitatively analyzing a material 
in a sample utilizing a phenomenon that such surface 
plasmon is excited by light waves Among those, one 
enploying a system called "Kretschmann configuration" 
is best known. See, for instance, Japanese Unexamined 
Patent Publication No. 6(1 994)- 167443. 
[0004] The plasmon sensor using the Kretschmann 
configuration basically comprises a dielectric block 
shaped, for instance, like a prism, a metal film which is 
formed on one face of the dielectric block and is brought 
into contact with a sample, a ligiit source emitting a light 
beam, an optical system which causes the light beam to 
enter tiie dielectric block so tiiat the light beam is 
reflected in total reflection at the interface of tiie dielec- 
tric block and the metal film and various angles of inci- 
dence of the light beam to the internee of tiie dielectric 
block and tiie metal film including an angle of incidence 
at which surface plasmon is generated can be obtained, 
and a photodetector means which is able to detect the 
intensity of the light beam reflected in total reflection 
from tiie interface for the various angles of incidence. 
[0005] In order to obtain various angles of incidence 
of the light beam to the interface, a relatively thin inci- 
dent light beam may be caused to impinge upon the 
interface while deflecting the incident light beam or a 
relatively thick incident light beam may be caused to 
converge on the interface so that components of the 
incident light k>eam impinge upon tiie interface at vari- 
ous angles. In the former case, the light beam which is 
reflected from tiie interface at an angle which varies as 
the incident light beam is deflected may be detected by 
a photodetector which is moved in synchronization with 
deflection of the incident light beam or by an area sen- 
sor extending in the direction in which reflected light 
beam is moved as a result of deflection. In the latter 
case, an area sensor which extends in directions so that 
all the components of light reflected from the interface at 
various angles can be detected by the area sensor may 
be used. 



[0006] In such a plasmon sensor, when a light beam 
impinges upon the metal film at a particular angle of 
incidence Osp not smaller than the angle of total internal 
reflection, evanescent waves having an electric field dis- 
5 ti'ibution are generated in the sample in contact with the 
metal film and surface plasmon is excited in the Inter- 
face between the metal film and the sample. When the 
wave vector of the evanescent waves is equal to the 
wave number of tiie surface plasmon and wave number 
70 matching is established, the evanescent waves and the 
surface plasmon resonate and light energy is trans- 
ferred to tiie surface plasmon. whereby the intensity of 
light reflected in total reflection from the interface of the 
dielecti-ic block and tiie metal film sharply drops. 
15 [0007] When the wave nuniber of the surfece plasmon 
can be known from the angle of incidence Osp at which 
the phenomenon of attenuation in total reflection takes 
place, tiie dielectric constant of the sample can be 
obtained. That Is, , — — 



20 



wherein Ksp represents the wave number of the surface 
plasmon, a represents the angular frequency of the sur- 

25 face plasmon. c represents the speed of light in a vac- 
uum, and Em and cs respectively r^reserit the dielectric 
constants of the metal and the sample. 
[0008] When the dielecti-ic constant es of the sample 
is known, the concemration of a specific material in the 

30 sample can be determined on the basis of a predeter- 
mined calibration curve or the like. Accordingly, a spe- 
cific component in the sample can be quantitatively 
analyzed by detecting tiie angle of incidence Osp at 
which the intensity of light reflected in total reflection 

35 from the interface of the prism and the metal film 
sharply drops. 

[0009] In the conventional plasmon sensor of tiie type 
described above, there has been generally used a laser 
as the light source. Especially when a single mode laser 
40 Is used, the curve of attenuation in total reflection 
becomes sharper and a high sensitive measurement 
can be realized. However even such a laser is used, an 
accuracy of measurement cannot be always high. 

45 SUMMARY OF THE INVENTION 

[0010] In view of the foregoing ot>servations and 
description, the primary object of the present invention 
is to provide a surface plasmon sensor in which a suffi- 

50 ciently high accuracy of measurement can be realized. 
[0011] The surface plasmon sensor of the present 
invention comprises a dielectric l^lock. a metal film, a 
light source emitting a light beam, an optical system, 
and a photodetector means which are described above 

55 and is characterized in that a laser provided witti an 
oscillation wavelength stabilizing means for stabilizing 
tiie wavelength at which the laser oscillates is used as 
tiie light source. 
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[001 2] A semiconductor laser, which is advantageous 
in reducing the overall size of system, can be suitably 
used as the laser. In this case, the oscillation wave- 
length stabilizing means may comprise, for instance, a 
beam feedback optical system which feeds a part of a 5 
laser beam emitted from the semiconductor laser back 
to the semiconductor laser and a wavelength selector 
such as a grating or a band pass filter which selects the 
wavelength of the laser beam to be fed back to the sem- 
iconductor laser. 

[001 3] In the case where a bulk grating is used as the 
wavelength selector, the beam feedback optical system 
may comprise a beam splitter means which is disposed 
on the optical path of the laser beam traveling from the 
semiconductor laser to the dielectric block and splits a 
part of the laser beam and a reflective grating which 
reflects the laser beam split by the beam splitter means 
to retrace its path, and the reflective grating may double 
as the wavelength selector 

[001 4] It is possible to form the k>eam feedback optical 
system and the wavelength selector by a partial reflec- 
tion type grating which is disposed on the optical path of 
the laser beam traveling from the semiconductor laser 
to the dielectric block and reflects a part of the laser 
beam toward the semiconductor laser. 
[0015] Further it is possible to form the beam feed- 
back optical system and the wavelength selector by a 
reflective grating which reflects toward the semiconduc- 
tor laser a rearward laser beam emitted from the semi- 
conductor laser in the direction opposite to the laser 
beam traveling from the semiconductor laser to the die- 
lectric block. 

[0016] Further, the oscillation wavelength stabilizing 
means may conrprise a combination of a beam feed- 
back optical system comprising a beam splitter means 
which Is disposed on the optical path of the laser beam 
traveling from the semiconductor laser to the dielectric 
block and splits a part of the laser beam and a mirror 
which reflects the laser beam split by the beam splitter 
means to retrace its path and a narrow-band pass filter 
disposed on the optical path of the laser t>eam between 
the mirror and the semiconductor laser 
[0017] Further, the oscillation wavelength stabilizing 
means may comprise a combination of a beam feed- 
back optical system comprising a half -silvered mirror 
which is disposed on the optical path of the laser beam 
traveling from the semiconductor laser to the dielectric 
block and reflects a part of the laser beam toward the 
semiconductor laser and a narrow-band pass filter dis- 
posed on the optical path of the laser beam between the 
half -silvered mirror and the semiconductor laser. 
[0018] Further, the osdilation wavelength stabilizing 
means may comprise a combination of a beam feed- 
back optical system comprising a mirror which reflects 
toward the semiconductor laser a reanvard laser beam 
emitted from the semiconductor laser in the direction 
opposite to the laser beam traveling from the semicon- 
ductor laser to the dielectric block and a narrow-band 



pass filter disposed on the optical path of the reanA/ard 
laser beam between the mirror and the semiconductor 
laser. 

[0019] As the wavelength selector, may be used a 
fiber grating comprising an optical fiber which has a plu- 
rality of refractive index varying portions fomried In the 
core at regular intervals and reflects and diffracts a laser 
beam. 

[0020] In the case where a fiber grating is used as the 
wavelength selector, the beam feedback optical system 
may comprise a beam splitter means which is disposed 
on the optical path of the laser beam traveling from the 
semiconductor laser to the dielectric block and splits a 
part of the laser beam and a fiber grating which reflects 
the laser beam split by the beam splitter means to 
retrace Its path, and the fiber grating may double as the 
wavelength selector. 

[0021 ] It is possible to form the beam feedback optical 
system and the wavelength selector t>y a partial reflec- 
tion type fiber grating which is disposed on the optical 
path of the laser beam traveling from the semiconductor 
laser to the dielectric block and reflects a part of the 
laser beam toward the semiconductor laser. 
[0022] Further it is possible to form the beam feed- 
t>ack optical system and the wavelength selector by a 
ftoer grating which reflects toward the semiconductor 
laser a rearward laser beam emitted from the semicon- 
ductor laser in the direction opposite to the laser beam 
traveling from the semiconductor laser to the dielectric 
block. 

[0023] It is possible to stabilize the oscillation wave- 
length of the laser without feeding back the laser beam. 
For example, the oscillation wavelength of the laser can 
be stabilized by use of a DFB (distributed feedback) 
laser or a DBR (distributed Bragg reflector) laser as the 
light source. 

[0024] Further the oscillation wavelength stabilizing 
means need not be limited to those described above 
and. for Instance, a means for electrically controlling the 
laser drive current and/or the temperature of the laser 
may be used as the oscillation wavelength stabilizing 
means. 

[0025] We have found that the problem that it is diffi- 
cult to obtain a high accuracy in measurement in the 
conventional plasmon sensor using a laser as the light 
source is due to fluctuation in the oscillation wavelength 
of the laser. That is. fluctuation in the oscillation wave- 
length of the laser affects the condition of generation of 
the surface plasmon, which generates noise in the sur- 
face plasmon detecting signal (a signal representing the 
intensity of light reflected in total reflection from the 
interface of the dielectric block and the metal film) and 
deteriorates the accuracy in measurement. 
[0026] Accordingly, in the surface plasmon sensor of 
this embodiment, fluctuation In the oscillation wave- 
length of the laser can suppressed by the oscillation 
wavelength stabilizing means and generation of the 
aforesaid noise is suppressed, whereby the accuracy in 
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measurement can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

Figure 1 is a plan view of a surface plasmon sensor 
in accordance with a first embodiment of the 
present invention, 

Rgure 2 is a fragmentary side view showing a part 

of the surface plasmon sensor, 

Rgures 3A and 3B are graphs showing the relation 

between the angle of incidence of a light beam and 

the output of the photodetector means, 

Rgure 4 is a plan view of a surface plasmon sensor 

in accordance with a second embodiment of the 

present invention, 

Figure 5 is a plan view of a surface plasmon sensor 
in accordance with a third embodiment of the 
present invention, 

Rgure 6 is a plan view of a surface plasmon sensor 
in accordance with a fourth embodiment of the 
present invention, 

Rgure 7 is a plan view of a surface plasmon sensor 
in accordance with a fifth embodiment of the 
present invention. 

Rgure 8 is a plan view of a surface plasmon sensor 
in accordance with a sixth embodiment of the 
present invention, 

Rgiire 9 is a plan view of a surface plasmon sensor 
in accordance with a seventh embodiment of the 
present invention. 

Rgure 10 is a plan view of a surface plasmon sen- 
sor in accordance with an eighth embodiment of the 
present invention. 

Rgure 11 is a plan view of a surface plasmon sen- 
sor in accordance with a ninth embodiment of the 
present invention, 

Rgure 12 is a plan view of a surface plasmon sen- 
sor In accordance with a tenth embodiment of the 
present invention, and 

Rgure 1 3 is a fragmentary side view showing a part 
of a surface plasmon sensor in accordance with an 
eleventh embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0028] In Figures 1 and 2. a surface plasmon sensor 
in accordance with a first embodiment of the present 
invention comprises a triangular prism 10 having a 
major axis extending in the vertical direction (as seen in 
Figure 1). a metal film 12 such as of gold, silver or the 
like which is formed on one face (the upper face as seen 
in Figure 1) of the prism 10 and brought into contact 
with a sample 11, a semiconductor laser 14 emitting a 
single light beam (laser beam) 13. an optical system 15 
which causes the light beam 1 3 to enter the prism 1 0 so 



that various angles of incidence of the light beam 13 to 
the interface 10a of the prism 10 and the metal film 12 
can be obtained, first and second photodetectors 16 
and 17 which detects the amount of light of the light 

5 beam 13 reflected in total reflection from the interface 
1 0a and a comparator 1 8 connected to the first and sec- 
ond photodetectors 1 6 and 1 7. 
[0029] The optical system 15 comprises a collimator 
lens 20 which collimates the diverging light beam 13 

10 emitted from the semiconductor laser 14. a beam 
expander 21 which expands the diameter of the colli- 
mated light beam 13 and a condenser lens 22 which 
converges the expanded light beam 13 on the interface 
10a. 

15 [0030] An oscillation wavelength stabilizing means 30 
is disposed between the collimator tens 20 and the 
beam expander 21 as will be described later. 
[0031] Since the light beam 13 is converged on the 
interface 10a by the condenser lens 22, the light beam 

20 13 impinging upon the interface 10a contains compo- 
nents which impinge upon the interface 10a at various 
angles 0. In Figure 2. 01 denotes a minimum angle of 
incidence and 62 denotes a maximum angle of inci- 
dence. The angle of incidence 6 is made not smaller 

25 than an angle of total internal reflection. The light beam 
13 is reflected in total reflection at the interface 10a and 
accordingly the reflected light beam 1 3 contains compo- 
nents which are reflected at the interface 10a at various 
angles. 

30 [0032] The first and second photodetectors 1 6 and 1 7 
may corrprise. for instance, a two-segment photodiode. 
The first photodetector 16 detects the amount of light of 
the components of the light beam 13 reflected from the 
interface 10a at angles in a first reflecting angle range 

35 (relatively small angle range) and the second photode- 
tector 1 7 detects the amount of light of the components 
of the light beam 13 reflected from the interface 10a at 
angles in a second reflecting angle range (relatively 
large angle range). 

40 [0033] Analysis of a sample by the surface plasmon 
sensor of this embodiment will be described, hereinbe- 
Icw. 

[0034] That is. the sanple 1 1 is placed in contact with 
the metal film 12, When effecting analysis, a light beam 

45 13 converged in the manner described above is caused 
to impinge upon the metal film 12. The light beam 13 
reflected in total reflection from the interface 10a of the 
metal film 12 and the prism 10 is detected by the first 
and second photodetectors 16 and 17. 

50 [0035] Light amount signals SI and S2 respectively 
output from the first and second photodetectors 16 and 

1 7 are input into the comparator 1 8 and the comparator 

18 outputs a differential signal S representing the differ- 
ence between the light amount signals Si and S2. 

55 [0036] As described in detail before, a light beam 
impinging upon the interface 10a at a particular angle of 
incidence Osp excites surface plasmon in the interface 
10a. and the intensity I of the light reflected from the 
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interface 10a at an angle con-esponding to the angle 
esp greatly drops. That is. the relation between the 
angle of Incidenoe 6 of the light beam to the interface 
10a and the intensity I of the reflected light is substan- 
tially as shown by curve a in Figure 3 A or curve b in Fig- 
ure 3B. When the value of the particular angle of 
incidence esp and the relation between the angle of 
incidence 0 of the light beam to the internee I0a and 
the intensity I of the reflected light are known, a specific 
material in the sample 11 can be quantitatively ana- 
lyzed. This will be described in detail hereinbelow. 
[0037] For example, when the first and second reflect- 
ing angle ranges are continuous and the reflecting 
angle at the boundary therebetween is6M. the first pho- 
todetector 16 detects the amount of light of the compo- 
nents of the light beam 13 impinges upon the interface 
1 0a at angles smaller than 6M and the second photode- 
tector 17 detects the amount of light of the components 
of the light beam 13 Impinges upon the interface 10a at 
angles larger than OM. That is. the first photodetector 1 6 
detects light in the range shown by the hatched portion 
in each of Figures 3A and 3B. The amount of light 
detected by the first photodetector 16 is larger in the 
case shown in Figure 3B than the case shown in Figure 
3 A. Conversely, the amount of light detected by the sec- 
ond photodetector 17 is smaller in the case shown in 
Figure 38 than the case shown in Figure 3A. The differ- 
ence between the amount of light detected by the first 
photodetector 16 and that detected by the second pho- 
todetector 17 is specific according to the relation 
between the angle of incidence 8 and the intensity I of 
the reflected light. 

[0038] Accordingly by referring to a standard curve 
which has been determined for each sample, the value 
of the particular angle of incidence 6sp and the relation 
between the angle of incidence 6 of the light beam to 
the interface 10a and the intensity 1 of the reflected light 
for the sample 11 to be analyzed can be estimated on 
the basis of the differential signal S representing the dif- 
ference between the light amount signals Si and S2 
respectively output from the first and second photode- 
tectors 16 and 17. whereby a specific material in the 
sample 1 1 can be quantitatively analyzed. 
[0039] Also in the case where the first and second 
reflecting angle ranges are not continuous, the differ- 
ence between the amount of light detected by the first 
photodetector 16 and that detected by the second pho- 
todetector 17 is specific according to the relation 
between the angle of incidence 0 and the intensity I of 
the reflected light and accordingly a specific material in 
the sample 11 can be quantitatively analyzed in the 
same manner. 

[0040] The oscillation wavelength stabilizing means 
30 will be described, hereinbelow. In this embodiment, 
the oscillation wavelength stabilizing means 30 com- 
prises a A/2 plate 31 which controls the polarization of 
the light beam 13. a beam splitter 32 which reflects a 
part of the light beam 13 passing through the JJ2 plate 



31 and transmits the other part of the light beam 1 3 and 
a reflective grating 33 which disposed to receive the 
light beam 13R reflected by the beam splitter 32. 
[0041 ] The light beam 1 3R impinging upon the ref lec- 

5 tive grating 33 is selected by wavelength into a beam 
having a very narrow spectral bandwidth by the grating 
33 and the light beam thus obtained Is reflected to 
retrace the path of the light beam 13R. The light beam 
13R is fed back to the semiconductor laser 14 through 

10 the beam splitter 32 and the X/2 plate 31 . Thus an exter- 
nal resonator is formed by the rear end face (the left end 
face as shown in Figure 1) of the semiconductor laser 
1 4 and the reflective grating 33 and the oscillation wave- 
length of the semiconductor laser 14 is locked to the 

15 wavelength selected by the reflective grating 33. 

[0042] When the oscillation wavelength of the semi- 
conductor laser 14 is thus stabilized, generation of 
noise in the differential signal S due to fluctuation in the 
oscillation wavelength is prevented and the accuracy in 

20 measurement can be improved. 

[0043] Second to eleventh embodiments of the 
present invention will be described with reference to 
Figures 4 to 13. hereinbelow. The surface plasmon sen- 
sors of these embodiments differ from that of the first 

25 embodiment only the structure of the oscillation wave- 
length stabilizing means. Accordingly in Figures 4 to 13, 
the elements analogous to those shown in Figures 1 
and 2 are given the same reference numerals and only 
the oscillation wavelength stabilizing means will be 

30 described, hereinbelow. 

[0044] In Figure 4. the oscillation wavelength stabiliz- 
ing means 30A in the second embodiment is formed by 
a partial reflection type grating 34 which doubles the 
beam feedback optical system and the wavelength 

35 selector. The partial reflection type grating 34 is dis- 
posed on the optical path of the light beam 13 traveling 
from the semiconductor laser 14 to the prism 10 and 
reflects a part of the light beam 13 toward the semicon- 
ductor laser 14. 

40 [0045] The reflected light beam 1 3 is fed back to the 
semiconductor laser 14 and the oscillation wavelength 
of the semiconductor laser 14 is locked to the wave- 
length selected by the partial reflection type grating 34. 
[0046] In Figure 5, the oscillation wavelength stabiliz- 

45 ing means 308 in the third embodiment is formed by a 
reflective grating 33 and a collimator lens 35. 
[0047] The reflective grating 33 forms a beam feed- 
k)ack optical system together with the collimator lens 35 
and doubles as a wavelength selector. That is. a rear- 
so ward light beam 13Q emitted from the semiconductor 
laser 14 in the direction opposite to the light beam 
traveling from the semiconductor laser 14 to the prism 
10 is collimated by the collimator lens 35 and impinges 
upon the reflective grating 33. 

55 [0048] The reflected light beam 1 3Q reflected by the 
reflective grating 33 is fed back to the semiconductor 
laser 14 and the oscillation wavelength of the semicon- 
ductor laser 14 is locked to the wavelength selected by 
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the reflective grating 33. 

[0049] In Figure 6. the oscillation wavelength stabiliz- 
ing means 40 in the fourth embodiment comprises a 
combination of a beam feedlDack optical system com- 
prising a beam splitter 32 which is disposed on the opti- s 
cal path of the light beam 13 traveling from the 
semiconductor laser 1 4 to the prism 1 0 and splits a part 
of the laser beam 1 3, a narrow-band pass filter 41 which 
is disposed in a position where the light beam 1 3 split by 
the beam splitter 32 passes therethrough, a condenser io 
lens 42 which converges the light beam 13R passing 
through the filter 41 and a min-or 43 on which the light 
beam 13R is converged by the condenser lens 42. 
[0050] The light beam 13R is selected by wavelength 
into a beam having a very narrow spectral bandwidth by is 
the filter 41 and the light beam thus obtained is reflected 
by the min-or 43 to retrace the path of the light beam 
13R. The light beam is fed back to the semiconductor 
laser 14 through the beam splitter 32 and the A72 plate 
31. Thus the oscillation wavelength of the semiconduc- 20 
tor laser 1 4 is locked to the wavelength selected by the 
narrow-band pass filter 41 . 

[0051] A half-silvered minror can be employed in place 
of the beam splitter 32. 

[0052] In Figure 7. the oscillation wavelength stabiliz- 25 
ing means 40A in the fifth enribodiment comprises a nar- 
row-band pass filter 41. a condenser lens 44. a half- 
silvered mirror 45 and a collimator lens 46 which are 
disposed in this order on the optical path of the tight 
beam 13 traveling from the semiconductor laser 14 to 30 
the prism 10. 

[0053] The condenser lens 44 and the half-silvered 
mirror 45 forms a beam feedback optical system. That 
is. a part of the light beam 1 3 is reflected by the half-sil- 
vered mirror 45 which is disposed so that the light beam 35 
13 is converged thereon by the condenser lens 44 and 
is fed back to the semiconductor laser 14. 
[0054] The light beam 13 is selected by wavelength 
into a beam having a very narrow spectral bandwidth by 
the f Hter 41 and the light beam thus obtained is fed back 40 
to the semiconductor laser 14. Thus the oscillation 
wavelength of the semiconductor laser 14 is locked to 
the wavelength selected by the narrow-band pass filter 
41. 

[0055] In Figure 8. the oscillation wavelength stabiliz- 45 
ing means 40B in the sixth embodiment comprises a 
collimator lens 47 which collimates a rearward light 
beam 13Q from the semiconductor laser 14. a narrow- 
band pass fitter 41 through which the coilimated rear- 
ward light beam 13Q passes, a condenser tens 42 so 
which converges the light beam 13Q passing through 
the filter 41 and a mirror 43 on which the light beam 13Q 
is converged by the condenser lens 42. 
[0056] The condenser lens 42 and the mirror 43 form 
a beam feedback optical system and the narrow-band ss 
filter 41 forms a wavelength selector. That is, the light 
beam 13Q is selected by wavelength into a beam hav- 
ing a very narrow spectral bandwidth by the filter 41 and 
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the light beam thus obtained is fed back to the semicon- 
ductor laser 14. Thus the oscillation wavelength of the 
semiconductor laser 14 is locked to the wavelength 
selected by the narrow-band pass filter 41 . 
[0057] In Figure 9. the oscillation wavelength stabiliz- 
ing means 50 in the seventh embodiment comprises a 
beam splitter 51 which is disposed on the optical path of 
the light beam 13 traveling from the semiconductor laser 
1 4 to the prism 1 0 and splits a part of the laser beam 1 3, 
a mirror 52 which reflects the light beam 13R split by the 
beam splitter 51 , a condenser lens 53 which converges 
the light beam 13R reflected by the mirror 52 and a 
reflective fiber grating 54 on one end face of which the 
light beam 13R is converged by the condenser lens 53. 
[0058] The reflective fiber grating 54 comprises a clad 
and a core which has a refractive index higher than that 
of the clad and is embedded in the clad. A plurality of 
refractive index varying portions are formed in the core 
at regular intervals. For example, the reflective fiber 
grating 54 is formed by forming interference fringes in 
the core of an optical communication fiber (125jim in 
the outer diameter of the clad and about lO^m in the 
diameter of the core) by two-beam interference with 
excimer laser beams in ultraviolet region, thereby 
changing (increasing) the refractive Indices of the parts 
of the core exposed to the leaser beams. It is supposed 
tiiat the change in the refractive index is caused by 
chemical chance of germanium oxide, with which the 
core is doped, upon exposure to ultraviolet rays. 
[0059] The light beam 13R condensed by the con- 
denser lens 53 enters the core through the end face of 
tine reflective fiber grating 54 and propagates through 
the core. The aforesaid refractive index varying portions 
forms a grating along tiie direction in which the light 
beam 13R propagates. The grating reflects and diffracts 
only light of a specific wavelength corresponding to the 
period of the refractive index varying portions out of the 
light beam 13R propagating through the grating and 
feeds back the tight of the specific wavelength back to 
the semiconductor laser 14. whereby tiie oscillation 
wavelength of the semiconductor laser 14 is locked to 
the wavelength selected by the reflective fiber grating 
54. 

[0060] In Figure 10, the oscillation wavelength stabi- 
lizing means 50A in the eighth embodiment comprises a 
condenser lens 55 which condenses the light beam 13 
emitted from ihe semiconductor laser 14 and first and 
second fibers 56 and 57 which form a fiber coupler The 
first fiber 56 has refractive index varying portions such 
as those described above and the second fiber 57 is 
jointed to the first fiber 56. 

[0061] A part of the light beam 13 which enters the 
second f toer 57 through an end face of the second fiber 
57 and propagates along the second fiber 57 is ti^ns- 
ferred to the first fiber 56. The part of tiie light beam 13 
which propagates tiirough the second ftoer 57 and emit- 
ted through the other end face of the second fiber 57 is 
used for analysis of the sanple. 



BNSOOCfD: <EP 0935131A2J,> 



11 



EP0 935131 A2 



12 



[0062] On the other hand, the part of the light beam 
13 transferred to the first fiber 56 propagates along the 
first fiber 56 and is reflected and refracted by the refrac- 
tive index varying portions. The part of the light beam 1 3 
reflected and refracted by the refractive index varying 5 
portions is fed back to the semiconductor laser 14 
through the condenser lens 55, whereby the osctilatton 
wavelength of the semiconductor laser 14 is locked to 
the wavelength selected by the first fiber 56. 
[0063] In Figure 11 , the oscillation wavelength stabi- 10 
lizing means SOB in the ninth embodiment comprises a 
condenser lens 55 which condenses the light beam 13 
emitted from the semiconductor laser 14 and a partial 
reflection type fiber grating 58 which is positioned so 
that the light beam 1 3 condensed by the condenser lens is 
55 is converged on an end face thereof. 
[0064] The partial reflection type fiber grating 58 is 
basicailiy of the same structure as the reflective fber 
grating 54 and reflects and diffracts only light of a spe- 
cific wavelength corresponding to the period of the 20 
refractive index varying portions out of the light beam 13 
propagating through the core and feeds back the light of 
the specific wavelength back to the semiconductor laser 
14. whereby the oscillation wavelength of the semicon- 
ductor laser 14 is locked to the wavelength selected by 
the partial reflection type fiber grating 58. 
[0065] The part of the light beam 13 which passes 
through the partial reflection type fiber grating 58 is 
used for analysis of the sample. 
[0066] In Figure 12. the oscillation wavelength stabi- 
lizing means 50C in the tenth embodiment comprises a 
condenser Ien5947 which converges a reanfvard light 
beam 13Q emitted from the semiconductor laser 14 and 
a reflective fiber grating 54 positioned so that the light 
beam 1 3Q is converged on one end face thereof by the 
condenser lens 59. 

[0067] The part of the reanward light beam 13Q 
reflected by the reflective fiber grating 54 is fed back to 
the semiconductor laser 14, whereby the oscillation 
wavelength of the semiconductor laser 14 is locked to 
the wavelength selected by the reflective fiber grating 
54. 

[0068] The surface plasmon sensor in accordance 
with the eleventh embodiment of the present invention 
shown in Figure 13 basically differs from that shown in 
Figure 2 in that the metal film 12 is formed on a dielec- 
tric block 62 of a glass which is substantially rectangular 
in shape and is connected to the upper face of a prism 
60 by way of refractive index matching fluid 61. 
[0069] In this plasmon sensor, the light beam 13 is 
caused to impinge upon the interface 62a of the dielec- 
tric block 62 and the metal film 12 through the prism 60 
so that the light beam 13 is reflected in total reflection by 
the interface 62a. The dielectric block 62 and the prism 
60 are formed of the same material and are connected 
by the refractive index matching fluid 61 which is equal 
to the material of the dielectric block 62 and the prism 
60 in refractive index. Accordingly the system of the die- 



lectric block 62 and the prism 60 is optically equivalent 
to the single prism 10. 

[0070] Though, in the embodiments described above, 
the oscillation wavelength of the laser is stabilized by 
feedback of the laser beam, it is possible to stabilize the 
oscillation wavelength of the laser without feeding back 
the laser beam. For example, a laser such as a DFB 
(distributed feedback) laser or a DOR (distributed Bragg 
reflector) laser or the like which has an oscillation wave- 
length stabilizing means per se may be used as the light 
source. 

[0071] Further the oscillation wavelength stabilizing 
means may be a means for electrically controlling tiie 
laser drive current and/or the temperature of the laser. 
[0072] Further the present invention can be applied 
also to a plasmon sensor in which a layer of a material 
which is specifically coupled to a material to be meas- 
ured is formed on a metal film and only a specific mate- 
rial is detected (e.g.. a plasmon sensor for detecting 
antigen-antibody reaction), a plasmon sensor which 
measures the two-dimensional distribution of physical 
properties of a sample placed on a metal film, and the 
like. 



25 Claims 

1. A surface plasmon sensor conprising 

a dielectric block. 
30 a metal film which is formed on one face of the 

dielectric block and is brought into contact with 
a sample, 

a light source emitting a light beam, 
an optical system which causes the light beam 
35 to enter the dielectric block so that the light 

beam is reflected in total reflection at the inter- 
face of the dielectric btock and tiie metal film 
and various angles of incidence of the tight 
beam to the interlace of the dielectric block and 
40 the metal film including an angle of incidence at 

which surface plasmon is generated can be 
obtained, and 

a photodetector means which is able to detect 
the intensity of the light beam reflected in total 
45 reflection from the interface for the various 

angles of incidence, 

wherein the improvement comprises that 
a laser provided with an oscillation wavelength 
stabilizing means for stabilizing the wavelength 
so at which the laser oscillates is used as the light 

source. 

2. A surface plasmon sensor as defined in Claim 1 in 
which the laser is a semiconductor laser, and the 

55 oscillation wavelength stabilizing means comprises 
a beam feedback optical system which feeds a part 
of the laser beam emitted from the semiconductor 
laser back to the semiconductor laser and a wave- 
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length selector which selects the wavelength of the 
laser beam to be fed back to the semiconductor 
laser. 

3. A surface plasmon sensor as defined in Claim 2 in 5 
which the wavelength selector comprises a bulk 
grating. 

4. A surface plasmon sensor as defined in Claim 3 in 
which the beam feedback optical system comprises io 
a beam splitter means which is disposed on the 
optical path of the laser beam traveling from the 
semiconductor laser to the dielectric block and 
splits a part of the laser beam and a reflective grat- 
ing which reflects the laser beam split by the beam 75 
splitter means to retrace its path, the reflective grat- 
ing doubling as the wavelength selector. 

5. A surface plasmon sensor as defined in Claim 3 in 
which the beam feedback optical system and the so 
wavelength selector are formed by a partial reflec- 
tion type grating which is disposed on the optical 
path of the laser beam traveling from the semicon- 
ductor laser to the dielectric block and reflects a 
part of the laser beam toward the semiconductor zs 
laser. 

6. A surface plasmon sensor as defined in Claim 3 in 
which the beam feedback optical system and the 
wavelength selector are formed by a reflective grat- 30 
ing which reflects toward the semiconductor laser a 
rearward laser beam emitted from the semiconduc- 
tor laser in the direction opposite to the laser beam 
traveling from the semiconductor laser to the dielec- 
tric block. 35 

7. A surface plasmon sensor as defined in Claim 2 in 
which the wavelength selector comprises a nanrow- 
band pass filter. 

40 

8. A surface plasmon sensor as defined in Claim 7 in 
which the beam feedback optical system comprises 
a beam splitter means which is disposed on the 



9. A surface plasmon sensor as defined in Claim 7 in 
which the beam feedback optical system comprises 55 
a half-silvered mirror which is disposed on the opti- 
cal path of the laser beam traveling from the semi- 
conductor laser to the dielectric t>lock and reflects a 



part of the laser beam toward the semiconductor 
laser, and 

the narrow-band pass filter is disposed on the 
optical path of the laser beam between the half- 
silvered min^or and the semiconductor laser. 

10. A surface plasmon sensor as defined in Claim 7 in 
which the beam feedback optical system comprises 
a mirror which reflects toward the semiconductor 
laser a reanvard laser beam emitted from the sem- 
iconductor laser in the direction opposite to the 
laser beam traveling from the semiconductor laser 
to the dielectric kMock. and 

the narrow-band pass filter is disposed on the 
optical path of the rearward laser beam 
between the mirror and the semiconductor 
laser. 

11. A surface plasmon sensor as defined in Claim 2 in 
which the wavelength selector comprises a fiber 
grating which comprises an optical fiber having a 
plurality of refractive index varying portions formed 
in the core at regular intervals and r^lects and dif- 
fracts a laser beam. 

1 2. A surface plasmon senses as defined in Claim 1 1 in 
which the beam feedback optical system comprises 
a beam splitter means which is disposed on the 
optical path of the laser beam traveling from the 
semiconductor laser to the dielectric block and 
splits a part of the laser beam and a fiber grating 
which reflects the laser beam split by the beam 
splitter means to retrace its path, the fiber grating 
doubling as the wavelength selector. 

1 3. A surface plasmon sensor as defined in Claim 1 1 in 
which the beam feedback optical system and the 
wavelength selector are formed by a partial reflec- 
tion type fiber grating which is disposed on the opti- 
cal path of the laser beam traveling from the 
semiconductor laser to the dielectric block and 
reflects a part of the laser beam toward the semi- 
conductor laser. 

14. A surface plasmon sensor as defined in Claim 1 1 in 
which the beam feedback optical system and the 
wavelength selector are formed by a fiber grating 
which reflects toward the semiconductor laser a 
reanA/ard laser beam emitted from the semiconduc- 
tor laser in the direction opposite to the laser beam 
traveling from the semiconductor laser to the dielec- 
tric block. 

15. A surface plasmon sensor as defined in Claim 1 in 
which the laser provided with an oscillation wave- 
length stabilizing means is a DFB (distributed feed- 
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40 

surface plasmon sensor as defined in Claim 7 in 
hich the beam feedback optical system comprises 
beam splitter means which is disposed on the 
Dtical path of the laser beam traveling from the 
amiconductor laser to the dielectric t)lock and 45 
3lits a part of the laser beam and a minror which 
iflects the laser beam split by the beam splitter 
leans to retrace its path and, 

the narrow-band pass filter is disposed on the so 
optical path of the laser beam between the mir- 
ror and the semiconductor laser. 
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back) laser. 

16. A surface plasmon sensor as defined in Claim 1 in 
which the laser provided with an oscittation wave- 
length stabilizing means is a DBR (distributed s 
Bragg reflector) laser as the light source. 

17. A surface plasmon sensor as defined in Claim 1 in 
which the oscillation wavelength stabilizing means 

is a means for electrically controlling the oscillation io 
wavelength of the laser. 

18. A surface plasmon sensor as defined in Claim 1 In 
which the dielectric block Is shaped like a prism. 
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(54) Surface plasmon resonance sensor with wavelength-stabilized laser light source 

(57) A surface plasmon sensor is formed by a die- 
lectric block (10), a metal film (12) which is formed on 
one face of the dielectric block and is brought into con- 
tact with a sample (11). a light source emitting a light 
beam (13), an optical system which causes the light 
beam to enter the dielectric block so that the light beam 
is reflected in total reflection at the Internee of the die- 
lectric block and the metal film and various angles of 
incidence of the light beam to the interface of the dielec- 
tric block and the metal film including an angle of inci- 
dence at which surface plasmon is generated can be 
obtained, and a photodetector (16.17) which is able to 
detect the intensity of the light beam reflected in total 
r^lection from the interface for the various angles of 
incidence. An oscillation wavelength stabilizing system 
(30) provided with the laser light source for stabilizing 
the wavelength at which It oscillates is used for a higher 
accuracy level. 
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